Objective: To report outcomes and risk factors for mortality in dogs that underwent surgical management of lung lobe torsion. Study design: Retrospective case series from 5 veterinary teaching hospitals (2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017). Animals: Fifty dogs with 52 instances of lung lobe torsion. Methods: Data collected from medical records included signalment, clinical findings, results of clinicopathologic testing and diagnostic imaging, surgical treatment, lung lobe affected, intraoperative and postoperative complications, histopathologic and microbiologic findings, and outcome. Follow-up was obtained from medical records and telephone contact with primary care veterinarians. Results: Fifty-two instances of lung lobe torsion were identified in 50 dogs, with a median follow-up of 453 days (range, 0-3075). Forty-six (92%) dogs survived to discharge. Dogs with concurrent torsion of the right cranial and middle lung lobes were less likely to survive (2/4) than those with torsion of the left cranial lung lobe (22/22). No other risk factors for mortality prior to hospital discharge were identified. Overall median survival time after hospital discharge was 1369 days. Four dogs had >1 episode of lung lobe torsion. Conclusion: The percentage of dogs surviving to discharge after surgical treatment of lung lobe torsion was higher than previously reported. The short-and long-term prognosis was excellent with surgical treatment of lung lobe torsion. Clinical significance: Surgery should be recommended when lung lobe torsion is suspected because of the high survival to discharge rate and excellent long-term prognosis.
speculated to be at increased risk for lung lobe torsion, particularly large, deep-chested dogs such as Afghan hounds. 1, 2 In small breed dogs, lung lobe torsion is more common secondary to pulmonary or pleural space pathology rather than idiopathic. 2, 3 However, pugs have been reported to be at increased risk of idiopathic lung lobe torsion compared with other small breed dogs. 4, 5 Dogs with lung lobe torsion may present with either an acute or a chronic history, and clinical signs include dyspnea, tachypnea, coughing, lethargy, and/or anorexia. Thoracic radiographs reveal consolidation of the affected lobe and pleural effusion, with most dogs having vesicular emphysema and a mediastinal shift. 6 In 54% of dogs, focal narrowing of the affected bronchus may also be seen. 6 Computed tomography (CT) also reveals consolidation and emphysema of the affected lobe, pleural effusion, an abrupt bronchial ending, and a contralateral mediastinal shift. 7 Malpositioning and lack of enhancement of the affected lung lobe after intravenous contrast is diagnostic for lung lobe torsion. 7 Diagnosis may also be made by direct identification of the affected lung lobe via exploratory thoracotomy or necropsy. Treatment of lung lobe torsion in dogs requires surgical removal of the affected lung lobe. In the limited number of reported cases of dogs with lung lobe torsion, survival rates range from 50%-61%, increasing to 50%-78% for dogs treated surgically. 1, 2, 4 Eighty-six percent of pugs survived in 1 study, indicating that they may have a better prognosis compared with the 50% of non-pug dogs in that study. 4 It is the authors' subjective impression that survival rates for dogs with lung lobe torsion are higher than previously reported. The objective of this study was to evaluate survival rates and risk factors for mortality in a larger population of dogs with lung lobe torsion. The hypotheses were that dogs with lung lobe torsion would have higher survival rates after surgery than have previously been reported, breed conformation (brachycephalic or sighthound) would have an influence on survival, and lung lobe torsion due to underlying causes would be associated with a higher risk of mortality.
| MATERIALS AND METHODS

| Data collection
Medical records at 5 veterinary teaching hospitals (University of Georgia, North Carolina State University [NCSU] , Texas A&M University, Washington State University, and Oregon State University) were searched for clientowned dogs diagnosed with lung lobe torsion between January 1, 2007 and December 31, 2016. Cases from NCSU were included between January 1, 2005 and July 1, 2017. Dogs that did not undergo surgical removal of the affected lung lobe were excluded from the study.
Data obtained from the medical record included breed, age, sex, clinical signs and duration, concurrent diseases, physical examination findings, clinicopathologic findings, diagnostic imaging findings, intraoperative and postoperative complications, pathology findings, underlying cause of lung lobe torsion, survival to hospital discharge, and followup information. The underlying cause of lung lobe torsion was determined on the basis of histopathologic findings of the lung lobe in conjunction with each dog's history, clinical signs, concurrent diseases, and diagnostic findings. Followup information was obtained from the available communication logs in patient records and telephone contact with each dog's primary care veterinarian.
| Statistical analysis
For dogs with more than 1 instance of lung lobe torsion, each instance was analyzed separately. All continuous variables were tested for normality by using a Shapiro-Wilk test. Continuous variables were evaluated vs survival to discharge by using a Student's t test (normally distributed data: age, hematocrit, red blood cell count, hemoglobin, mean corpuscular hemoglobin, mean platelet volume, total protein, albumin, glucose, sodium, bicarbonate, anion gap, phosphorus, and partial thromboplastin time) or Wilcoxon rank-sum test (nonnormally distributed data: mean corpuscular volume, mean corpuscular hemoglobin concentration, platelet count, nucleated red blood cell count, white blood cell count, neutrophil count, band count, lymphocyte count, monocyte count, eosinophil count, basophil count, blood urea nitrogen, creatinine, alkaline phosphatase, alanine aminotransferase, potassium, chloride, calcium, magnesium, cholesterol, total bilirubin, and prothrombin time). Nominal data were evaluated vs survival to discharge by using a Fisher's exact test (sex, breed [sighthound vs brachycephalic vs other], presenting complaint, clinical signs, physical examination findings, diagnostic imaging findings, lung lobe(s) affected, intraoperative or postoperative complications, histopathology findings, and whether any predisposing causes of lung lobe torsion were identified). Descriptive data are reported as mean AE standard deviation or median (range), depending on normality of the data. For clinicopathologic data, only abnormalities that were present in >5 dogs are reported. Follow-up information was calculated from date of hospital discharge to date of last known contact of the dog with a veterinarian. Overall median survival after hospital discharge was calculated with right censoring including those alive, lost to follow-up, or that died for reasons unrelated to their lung lobe torsion. When the cause of death was uncertain, dogs were considered to have died of reasons related to the lung lobe torsion.
| RESULTS
Fifty dogs with 52 instances of lung lobe torsion were included in the study. Two of the dogs had 2 separate instances of lung lobe torsion.
| Signalment
The mean age of all dogs was 6.0 years AE3. (11, 22%) ; Shetland sheepdog (4, 8%); Afghan hound (3, 6%); 2 each (4%) of Norfolk terrier, Labrador retriever, Chihuahua, Great Pyrenees, and Borzoi; and 1 each (2%) of Anatolian shepherd, Bernese mountain dog, border collie, Brittany spaniel, Catahoula leopard dog, English springer spaniel, fox terrier, French bulldog, golden retriever, greyhound, Italian greyhound, labradoodle, miniature dachshund, Newfoundland, American pit bull terrier, Rhodesian ridgeback, shiba inu, shih tzu, standard poodle, and Yorkshire terrier. There were also 2 mixed-breed dogs, 1 reported as a pug mix and the other as a hound mix. There were 14 brachycephalic dogs (including the pug mixed-breed dog) and 7 sighthound dogs. The 2 dogs with 2 instances of lung lobe torsion included a male castrated Italian greyhound with a second instance of lung lobe torsion 24 days after the first episode and a male intact English springer spaniel with a second instance of lung lobe torsion 122 days after the first episode. An additional dog, a male castrated Greyhound, had a previous episode of lung lobe torsion that was treated via lung lobectomy at a different facility, and only the second episode of lung lobe torsion, occurring 127 days after the first episode, is included in this report.
| Clinical findings
The duration of clinical signs prior to presentation ranged from 1 to 365 days, with 7 dogs having an acute exacerbation of chronic clinical signs. The most common presenting complaints included lethargy (40, 77%), anorexia (33, 63%), dyspnea (32, 62%), tachypnea (32, 62%), cough (23, 44%), exercise intolerance (7, 13%), vomiting (7, 13%), hemoptysis (6, 12%), and pyrexia (6, 12%).
Physical examination findings at the time of presentation included tachypnea (23, 44%), increased respiratory effort (12, 23%), dyspnea (8, 15%), and panting (7, 13%). Cardiothoracic auscultation revealed decreased lung sounds (22, 42%), muffled heart sounds (15, 28%), heart murmur (8, 15%), increased lung sounds (6, 11%), and harsh lung sounds characterized primarily by crackles and wheezes (6, 11%). Additional physical examination findings included pyrexia (9, 17%) and tachycardia (7, 13%). A serum biochemical analysis was performed in 49 dogs. Serum alkaline phosphatase levels (ALP) were increased (ALP >119 IU/L) in 26 (53%) dogs. Hyponatremia (sodium <145 mmol/L) was present in 23 (47%) dogs, hyperbilirubinemia (total bilirubin >0.25 mg/dL) in 19 (39%) dogs, hyperglycemia (blood glucose >109 mg/dL) in 19 (39%) dogs, hypocalcemia (calcium <9.2 mg/dL) in 20 (41%) dogs, hypercholesterolemia (cholesterol >254 mg/dL) in 16 (33%) dogs, hypokalemia (potassium <3.7 mmol/L) in 17 (35%) dogs, hypochloremia (chloride <108 mmol/L) in 11 (22%) dogs, and low blood urea nitrogen (blood urea nitrogen <10 mg/dL) in 13 (26%) dogs. Additional biochemistry findings included increased bicarbonate (bicarbonate >24 mmol/L) in 9 (18%) dogs, hypoalbuminemia (albumin <2.5 mg/dL) in 11 (24%) dogs, and hyperglycemia (glucose >120 mg/dL) in 10 (20%) dogs.
| Clinical pathology findings
Urinalysis results were reported in 14 dogs. Thirteen (93%) dogs had proteinuria and 12 (86%) dogs each had bilirubinuria and pyuria. Additional findings included hematuria (11, 79%) and the presence of epithelial cells (11, 79%) .
Pleural fluid analysis results were available for 26 instances of lung lobe torsion. The fluid was considered inflammatory (14, 1 of which was septic), chylous (8), hemorrhagic (3), and neoplastic (1) . An additional dog with chylothorax was given a diagnosis with this condition at a different clinic, and the fluid analysis results were not available.
| Diagnostic imaging findings
Results of thoracic radiographic imaging were available in 44 cases. Pleural effusion was noted in 36 (82%) dogs, a consolidated lung lobe was noted in 29 (66%) dogs, and an alveolar lung pattern was noted in 12 (27%) dogs. Lung lobe torsion was explicitly listed as a top differential in 28 (64%) dogs.
Thoracic ultrasonography was performed in 16 dogs. Pleural effusion was reported in 14 (88%) dogs. Consolidation of the lung lobe was reported in 13 (81%) dogs. In 8 (50%) of these dogs, lung lobe torsion was explicitly listed as a top differential.
Computed tomography scan of the thorax was performed in 37 dogs. Pleural effusion was the most common finding and was reported in 32 (86%) dogs. Twenty-one (57%) dogs had atelectasis of the affected lung lobe, and 20 (54%) dogs had consolidation of the affected lung lobe. Additional findings included lymphadenopathy (16, 43%), pneumothorax (7, 19%) , and suspected lung lobe necrosis (7, 19%) . Lung lobe torsion was considered a top differential in 36 (97%) dogs. In the remaining dog in which lung lobe torsion was not considered a top differential, moderate bicavitary effusion and a mass in the right pleural space were noted with secondary lung atelectasis; these findings were considered suspicious for neoplastic or granulomatous disease.
Echocardiograms were performed in 15 dogs for a history of cardiac disease or heart murmur ausculted on physical examination (6, 40%) or as a component of work-up for an underlying disease process (9, 60%). Structural cardiac disease was diagnosed in 9 (60%) dogs. Pleural effusion (8, 53%) was the most commonly described abnormal finding.
| Treatment
All dogs underwent exploratory thoracotomy, and lung lobe torsion was confirmed at surgery in all 52 instances. Affected lung lobes were reported as right middle (22, 42%), left cranial (22, 42%), right cranial (4, 8%), and concurrent right cranial and right middle (4, 8%). Among the 22 cases involving torsion of the left cranial lung lobe, 2 (9%) involved only the cranial segment of the lung lobe. Ten (91%) pugs had torsion of the left cranial lung lobe, with the remaining pug and a pug mixed breed having torsion of the right cranial lung lobe. Overall, 12 of 14 (86%) brachycephalic dogs had torsion of the left cranial lung lobe, with the remaining dogs having right cranial lung lobe torsion. For the sighthound group (7 dogs with 8 instances of lung lobe torsion), 4 (50%) instances involved torsion of the right middle lung lobe, 3 (38%) instances involved torsion of the left cranial lung lobe, and 1 (13%) instance involved concurrent torsion of the right middle and cranial lung lobes. Lung lobectomy was performed for all cases. Hypotension was identified intraoperatively in 19 (37%) dogs. Additional procedures were performed in 5 (10%) dogs: subtotal pericardectomy in 3 dogs, thoracic duct ligation in 2 dogs, removal of a mediastinal or thoracic mass in 2 dogs, and cisterna chyli ablation in 1 dog.
| Pathology/microbiology
All lung lobes were submitted for pathologic evaluation. The most common abnormalities identified by histology included hemorrhage (37, 71%), necrosis (30, 58%), fibrosis (13, 25%), infarction (12, 23%), thrombosis (9, 17%), and granulation tissue (9, 17%), with many lung lobes having multiple abnormal findings. In 3 (6%) dogs, evidence of pathology that may have contributed to lung lobe torsion was identified within the affected lung lobe (hemangiosarcoma [2] and chemodectoma [1] ). In 1 dog, there was an unconfirmed suspicion for carcinoma on histopathology; however, this dog lived for 3 additional years without adjunctive anticancer treatment, so carcinoma was considered unlikely.
Microbial cultures of the affected lung lobe were performed in 32 (62%) dogs. In 3 (9%) dogs, the culture was positive, with 2 aerobic microorganisms (Micrococcus species and Staphylococcus intermedius) and 1 facultative anaerobic microorganism (Pseudomonas aeruginosa) grown. Two dogs had fungal cultures performed, with no growth observed.
Among the 52 instances of lung lobe torsion reported here, an underlying cause for lung lobe torsion was identified in 20 (38%) instances (pleural effusion [13, 25%] , neoplasia [3, 6%] , chronic bronchopneumonia [3, 6%] , and trauma [1, 2%] ), with the remaining 32 (62%) instances having no identified underlying cause. All 3 dogs with neoplastic processes and all 3 dogs with chronic bronchopneumonia also had concurrent pleural effusion.
| Survival to discharge
All dogs survived the surgical procedure. Forty-six (92%) dogs survived to discharge from the hospital. This survival was significantly higher than a previous report of 60% survival (P = .003).
4 Four (8%) dogs suffered postoperative complications and were subsequently euthanized or died. One dog, a female spayed Newfoundland, remained in atrial fibrillation postoperatively, had persistent hemothorax, and developed nonresponsive hypotension and was subsequently euthanized. A second dog, a male castrated Afghan hound, initially did well postoperatively but developed a tension pneumothorax after chest tube removal 4 days after surgery, resulting in death. The third dog, a male castrated Chihuahua, was diagnosed with abdominal carcinomatosis and died of respiratory arrest 2 days after surgery. The fourth dog, a male castrated pug mix, developed severe dyspnea 1 day after surgery, requiring intubation. Thoracic radiographs revealed aspiration pneumonia with persistent mild to moderate pleural effusion and a severely hypoplastic trachea and suspected tracheal chondromalacia. Placement of a tracheal stent was declined, and the dog was euthanized. The 4 dogs that did not survive to discharge had torsion of both the right cranial and right middle lung lobes (2), the right cranial lung lobe (1), and the right middle lung lobe (1). There was no difference in age of dogs that did or did not survive to discharge. There was no difference in survival to discharge among dogs with different breed conformations (brachycephalic [14] or sighthound [7] compared with other [29]), and specifically pugs were no more likely to survive than other breeds with or without inclusion of the 1 pug mixed breed in the analysis. There were no factors identified as significant for survival to discharge when evaluating presenting complaint, clinical signs, physical examination findings, blood work values (complete blood count, serum biochemistry, coagulation panel), urinalysis results, or diagnostic imaging findings (thoracic radiographs, ultrasound, CT, or echocardiogram). The underlying cause of the lung lobe torsion (idiopathic vs secondary) was not significant for survival to discharge. Dogs with lung lobe torsion secondary to chylothorax had no difference in survival compared with any other group (idiopathic or other secondary causes). The presence of intraoperative or postoperative complications was not significant for survival to discharge. There were no histopathology findings that were significant for survival to discharge.
Dogs with left cranial lung lobe torsion were more likely to survive to discharge than dogs with concurrent right cranial and right middle lung lobe torsion (22/22 dogs vs 2/4 dogs, respectively, P = .02). There was no significance in survival to discharge between any other pairings of affected lung lobes (left cranial, right cranial, right middle, and concurrent right middle and right cranial).
| Follow-up
For the 46 dogs that survived to discharge (with 48 instances of lung lobe torsion), follow-up was obtained at a median of 453 days (range, 0-3075) postoperatively. Overall median survival time after hospital discharge was 1369 days according to Kaplan-Meier analysis. Twenty-two (48%) dogs had died or were euthanized after discharge from the hospital at a median of 209 days (range, 0-1977). The dog that was known to be deceased with 0 days of follow-up was alive and doing well at time of hospital discharge. The primary care veterinarian confirmed this dog to be deceased but no information was available regarding date or cause of death. Death was related to the lung lobe torsion in 8 (17%) of these dogs, unknown if related in 8 (17%) dogs, or unrelated in 6 (27%) dogs. Related causes of death included continued pleural effusion (4), recurrent lung lobe torsion (1), lack of improvement after surgery (2), and metastatic neoplasia (1). Four dogs had >1 episode of lung lobe torsion. One of the dogs with continued pleural effusion, a male castrated Italian greyhound, had 2 previous instances of lung lobe torsion (both included in this study), and this dog was euthanized 4 days after hospital discharge from the second episode for continued pleural effusion and the concern for increased risk for a third occurrence of lung lobe torsion. A second dog, a female spayed labradoodle, was euthanized after developing a second lung lobe torsion 169 days after hospital discharge from the first episode of lung lobe torsion. A third dog, a male intact English springer spaniel, had 2 episodes of lung lobe torsion (both included in this study) and died 990 days after the second instance of lung lobe torsion for unknown reasons. The fourth dog, a male castrated Greyhound that presented with a previous history of lung lobe torsion treated at a different facility (not included in this study), was alive at 941 days postdischarge from the second episode of lung lobe torsion (included in this study).
Nine (18%) dogs were diagnosed with chylothorax prior to surgery for lung lobe torsion, and the chylothorax resolved in 6 (67%) dogs after surgery. Three dogs had surgical procedures performed at the time of lung lobectomy that were related to the chylothorax (thoracic duct ligation [2] , pericardectomy [3] , cisterna chyli ablation [1] ), and resolution of the chylous effusion was achieved in 1 of these dogs (that underwent pericardectomy only). Among the 2 dogs in which resolution of chylous effusion was not achieved, 1 dog presented for dyspnea at 1369 days after hospital discharge and was euthanized. Necropsy of this dog revealed hemothorax (unknown whether tested for chyle), hemoabdomen, and a duodenal mass (unknown etiology due to severe autolysis). The second dog did not undergo any additional treatment for the persistent chylothorax and was alive at 968 days after hospital discharge. Three dogs had spontaneous resolution of their chylous effusion after the lung lobectomy, without concurrent surgery for chylothorax. Two dogs required additional procedures after lung lobectomy to obtain resolution of the chylothorax (thoracic duct ligation [2] and subtotal pericardectomy [1] ). The 1 remaining dog had persistent chylothorax and was alive and being managed with a pleural access port (PleuralPort; Norfolk Vet Products, Skokie, Illinois) at 1337 days after hospital discharge.
Four dogs (8%) developed chylothorax post-lung lobectomy. One dog had spontaneous resolution of the chylothorax within 4 days of surgery. Resolution was obtained in 1 dog after thoracic duct ligation and subtotal pericardectomy 139 days after discharge from the lung lobectomy. One dog was treated medically for chylothorax without success, and this dog was euthanized 60 days after hospital discharge because of persistent chylous effusion. The fourth dog did not undergo treatment for chylothorax and was euthanized 396 days after hospital discharge.
Eighteen (36%) dogs were confirmed to be alive at a median of 785 days (range, 128-3075) after hospital discharge with no clinical signs related to their previous episode of lung lobe torsion. Six dogs were lost to follow-up within 3 months of hospital discharge at a median of 41 days (range, 5-91 days).
| DISCUSSION
Results of this study provide sufficient evidence to accept the hypothesis that survival rates after surgical treatment of lung lobe torsion in dogs are better than those that have been previously reported, with 92% of dogs in the present study surviving to discharge from the hospital. Previous articles have reported overall survival rates between 50% and 61% in dogs with lung lobe torsion, with survival rates of 50%-78% for dogs that were treated surgically. Although a previous study reported that pugs had a better survival rate with surgical treatment than non-pugs (86% survival pugs, 50% survival non-pugs), there was no difference in survival in the current study for pugs vs non-pugs, even when including a pug mixed breed in either category. The hypothesis that patient breed conformation (brachycephalic vs sighthound vs all others) would have an influence on survival was rejected because there was no difference in survival between conformation groups. There was no significance in survival to discharge between dogs with idiopathic vs secondary lung lobe torsion, so the hypothesis that dogs with secondary lung lobe torsion would have a higher risk of mortality than dogs with idiopathic lung lobe torsion was rejected.
Right middle and left cranial lung lobe torsion accounted for 84% of cases in the present study. Lung lobe torsion is most commonly reported in the right middle and left cranial lung lobes, [1] [2] [3] [4] but has also been reported in the right cranial, 1,8 right caudal, 1,4 left caudal, 1 and accessory lung lobes. 9 Dogs with left cranial lung lobe torsion were more likely to survive compared with dogs with concurrent right cranial and right middle lung lobe torsion, although only 4 dogs had concurrent right cranial and right middle lung lobe torsion; this should be interpreted with caution because of the paucity of cases. Historical literature describes only 3 cases with concurrent right cranial and right middle lung lobe torsion with 1 dog undergoing necropsy without treatment, 2 one with no information on treatment or outcome, 6 and 1 dog surviving surgery and doing well at 11 months of follow-up. 10 The majority of pugs (91%) in the current study had torsion of the left cranial lung lobe, in line with previous reports.
4,5 Among 14 brachycephalic dogs with lung lobe torsion in this study, 86% had torsion of the left cranial lung lobe, and 14% had torsion of the right cranial lung lobe, with no other lung lobes being represented. Large, deep-chested dog breeds, particularly sighthounds, are reported to have more instances of lung lobe torsions involving their right middle lung lobes because of its narrow shape and relative mobility. 2 All of these factors are believed to contribute to the increased mobility of the right middle lung lobe, therefore increasing the risk for torsion of the lobe. An explanation for the predominance of left cranial lung lobe torsion in brachycephalic dogs has not been identified but may be related to the conformation of the brachycephalic thorax. Lung lobe torsion is classically considered to be either idiopathic or secondary to other disease processes. Pathologies that may predispose dogs to secondary lung lobe torsion include preexisting pulmonary disease, pleural effusion, neoplasia, trauma, or prior thoracic surgery. If no predisposing causes are identified, torsion is classified as idiopathic. For most (62%) cases in the current study, no potential predisposing cause for lung lobe torsion was identified. In 25% of cases, pleural effusion was identified as a predisposing cause for lung lobe torsion, with most of those cases being due to chylothorax. In addition, the 3 dogs with pulmonary disease and the 3 dogs with neoplastic processes also had effusion, which may have further predisposed these dogs to lung lobe torsion. It can be difficult to identify the underlying cause of lung lobe torsion in dogs because lung lobe torsion itself may lead to pleural effusion from venous congestion and inflammation associated with obstruction of the vascular supply to the affected lung lobe. 1, 2, 4, 8 Chylothorax was a common finding associated with lung lobe torsion in this study. In dogs with preoperative chylothorax (18%), spontaneous resolution occurred in 33% of dogs after lung lobectomy, with resolution in an additional 55% of dogs in conjunction with surgical treatment for chylothorax. Chylothorax developed postoperatively in 8% of dogs, resolving in 25% spontaneously and resolving in another 25% after surgical treatment for chylothorax. The remaining 50% of dogs did not undergo surgery for their chylothorax and were subsequently euthanized for this condition. Development of chylothorax after surgical treatment for lung lobe torsion has been previously reported and may be due to trauma to the thoracic duct during surgery or pleuritis from the lung lobe torsion itself. 1, 2, 11 In dogs with chylothorax pre-lung lobectomy or post-lung lobectomy for lung lobe torsion, if spontaneous resolution of the chylothorax is not achieved within the short-term postoperative period, surgical treatment of chylothorax should be considered. Surgical treatment of chylothorax at the time of lung lobectomy for lung lobe torsion could also be considered in dogs presenting for preoperative chylothorax. Recurrent lung lobe torsion occurred in 4 dogs in the current study, with all dogs having 2 episodes. Recurrence of lung lobe torsion is uncommon but has been previously reported to occur between 5 and 180 days after the original presentation. 11 In the current study, recurrence occurred between 19 and 173 days after the original presentation. All 4 of the dogs in this study had continued pleural effusion postoperatively. It is possible that the continued pleural effusion in conjunction with the increased available space in the thorax after lung lobectomy predisposed these dogs to recurrence of lung lobe torsion. After pneumonectomy, hypertrophy of the remaining lung occurs and may lead to a mediastinal shift. [12] [13] [14] [15] Prevention of mediastinal shift after pneumonectomy through use of an inflatable prosthesis reduced but did not eliminate lung expansion in 1 study in dogs. 15 Although this has not been specifically evaluated after removal of a single lung lobe, similar compensatory mechanisms are expected. Hypertrophy of remaining lung lobes after pneumonectomy can take 2-5 months. 12, 14 Although most dogs in this study had removal of a single lung lobe, the timeline for the hypertrophic response may be similar or delayed due to lack of need for lung recruitment; this may explain why recurrent lung lobe torsion was most common within 6 months of the original procedure in all of the dogs in this report. Because of the paucity of cases with recurrent lung lobe torsion, no specific risk factors for recurrence of torsion could be elucidated. Presenting complaints and physical examination findings for the dogs in this report were in line with what has previously been reported in literature. 1, 4 No presenting complaint or physical examination variables were significant for survival to discharge in this population, possibly because of the low number of nonsurvivors. Clinical pathology findings were also similar to previous reports, although none of these factors were significant for survival to discharge in the present study. It is possible that with more deaths and a larger study population, preoperative clinical pathology factors significant for survival to discharge may be revealed. Diagnostic imaging can be helpful in the diagnosis of lung lobe torsion in dogs. Thoracic radiography and ultrasonography have been the most frequently used modalities in previous studies.
1,4-6 Computed tomography was the most commonly used advanced imaging modality in the cases reported here;
this may be the result of the increasing availability of CT in referral practice as well as a report describing the features of lung lobe torsion with CT. 7 In the cases reported here, lung lobe torsion was listed as a top differential in 50% of cases with thoracic ultrasound, 64% of cases with thoracic radiographs, and 97% of cases with CT. It is possible that lung lobe torsion may not have been explicitly listed even if it was considered a top differential because multiple other findings on each modality may have been supportive of a diagnosis of lung lobe torsion (such as pleural effusion, consolidation of a lung lobe, etc). Despite this, the authors subjectively believe that CT may provide the most specific information in terms of diagnosing lung lobe torsion. Unlike radiographs and ultrasonography, CT can be used to detect lung lobe torsion prior to the development of more significant disease because it does not rely on secondary changes such as pleural effusion and lung lobe consolidation. Furthermore, the presence of pleural effusion does not severely affect interpretation of CT images as it does with radiographs. Additional studies are warranted to evaluate the accuracy of each of these modalities in the diagnosis of lung lobe torsion. Thoracic ultrasound was the least likely to lead to a diagnosis of lung lobe torsion in the current study, in line with a previous report in which variable findings were identified with thoracic ultrasound in dogs with lung lobe torsion. 6 Despite this, thoracic ultrasound may be helpful in the diagnosis if CT is unavailable. All resected lung lobes were submitted for histopathology, and findings were in line with those described in previous studies. [1] [2] [3] [4] [5] 8, 9, 11, 16, 17 Three dogs in the current study were diagnosed with pathology in the resected lung lobe that may have contributed to the development of lung lobe torsion (neoplasia in all 3 cases). Microbial cultures of the affected lung lobe were performed in 64% of cases, with only 9% having a positive result. Although it is difficult to formulate definitive conclusions because of the limited number of reported culture results, due to the high probability of necrosis in the resected lung tissue, secondary bacterial contamination is possible, and culture is recommended.
The main limitation of this study was the low number of deaths prior to hospital discharge, which precluded reliable statistical analysis into factors affecting in-hospital mortality. This was a multi-institutional retrospective study, so preoperative and postoperative treatment likely varied substantially, and collected data relied upon appropriate documentation in the medical record, which is typical of this study type. Follow-up was obtained via communications logged in the medical record and telephone contact with primary care veterinarians and may have been limited if records were not available or the patient discontinued care at the office that initially referred the case.
Results of the current study provide evidence that dogs undergoing lung lobectomy for lung lobe torsion have an excellent prognosis for hospital discharge (92%) and median survival after hospital discharge was 1369 days. No factors increasing the risk for in-hospital mortality were identified other than the presence of concurrent right cranial and right middle lung lobe torsion, although this should be interpreted with caution because of the low number of dogs in this group. It is possible that with more cases and more nonsurvivors, additional factors affecting survival to discharge may be elucidated.
